INTRODUCTION
The reliable collection and processing of DNA samples is critical for the success of federal and state convicted offender databank programs (1) . While blood collection has been favored for its reliability, ease of traceability, and compatibility with automation, it is also an invasive and expensive method requiring trained medical personnel for the collection process (2, 3) . Buccal cell collection, while more variable in sample source, is a practical, less expensive alternative for non-invasive collection of DNA samples and can be accomplished with minimal training of nonmedical personnel (4) (5) (6) . Common buccal cell collection methods use cotton-or Dacron ® -tipped swabs directly or foam-tipped swabs transferred to a flat membrane for transport or storage (3, (7) (8) (9) (10) . While these swabs collect sufficient sample for DNA extraction, they are not always suited to automated tracking and extraction methods. When samples collected with foamtipped swabs are transferred to a membrane during collection, this additional step increases potential for sample mix-up or loss of material.
A new method of collecting and storing buccal cell samples was developed by The Bode Technology Group (Bode; Springfield, VA, USA) (11) . This device, the Buccal DNA Collector, requires no secondary transfer of sample and is compatible with automated bar code tracking and extraction processes. Training personnel in a successful collection process is rapid and simple, and collection itself takes <30 s/sample. The device consists of filter paper attached to a plastic handle, with a removable plastic support behind the filter paper, and a cap to protect it. Bar coding can be placed on the handle during manufacture or at the time of collection to improve sample traceability. The buccal sample is collected by placing the filter paper against the inside of the cheek, supporting the handle with the thumb on the back support, and repeatedly swiping the paper against the cheek while pulling the device out of the mouth. Once dry, the sample is ready for processing.
A companion product, BodeElute™ DNA Elution Reagent kit (Bode), has been developed as a simple and fast method of preparing DNA from Buccal DNA Collector samples. Unlike extraction methods that directly amplify DNA on the sample punch, requiring a separate extraction for each amplification reaction, the BodeElute DNA Elution Buffer releases DNA into solution for multiple analyses. The elution is fast, robust, and accomplished using commonly available laboratory equipment and supplies. A single 30-min incubation elutes DNA ready for quantification and amplification with no further processing and typically recovers sufficient DNA for over 20 separate amplification reactions.
The Buccal DNA Collector and BodeElute DNA Elution Buffer have been extensively characterized. Here, we present the results of this characterization, including data on the collection efficiency and stability of Buccal DNA Collector samples, and the application of BodeElute in extraction, amplification, and storage of buccal cell extracts.
MATERIALS AND METHODS

Sample Collection
Buccal DNA Collectors were obtained from Bode, and samples were collected from consenting individuals following the manufacturer's instructions.
On-Punch Extraction and Amplification
Two 1.2-mm diameter punches per sample were placed in a PCR plate, washed twice with 30 µL BodeXtract™ (Bode) (11) , and three times with 30 µL TE -4 (10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA). Punches were dried overnight at room temperature or for 1 h at 56°C and directly amplified with AmpFLSTR ® COfiler ® or Profiler Plus ® PCR Amplification kits (both from Applied Biosystems, Foster City, CA, USA). One microliter of the amplified product was resolved on the ABI Prism ® 3100 Genetic Analyzer and analyzed with ABI Prism GeneScan (v. 3.7) and Genotyper (v. 3.7) software packages (Applied Biosystems).
BodeElute Elution and Analysis
The elution of DNA with the BodeElute kit was carried out following the manufacturer's instructions. Briefly, 100 µL BodeElute DNA Elution Buffer was added to a quarterinch punch (taken from the tip of the collection paper unless otherwise noted), then sealed in a flat-bottom microtiter plate. The plate was incubated for 30 min on a heat block set at 75°C for an effective sample temperature of 55°C. The supernatant was removed and stored at -20°C. DNA concentration was determined with a modified PicoGreen ® assay (Molecular Probes, Eugene, OR, USA) to measure double-stranded DNA content (12) System (Promega, Madison, WI, USA) as described. Samples were analyzed as described above.
RESULTS AND DISCUSSION
Characterization of Collection Efficiency
Variability in buccal cell collection from different donors can be a challenge to successful DNA typing in a highthroughput laboratory. To maximize sampling success, the characteristics of collection with the Buccal DNA Collector were investigated.
We evaluated the distribution of cells on the approximately 0.73-in 2 filter paper of the Buccal DNA Collector to establish the optimal location to take a sample for processing. Ten quarter-inch diameter punches were taken from each of 15 buccal collector samples, roughly five rows of two punches each. DNA from each punch was separately eluted with BodeElute buffer, and the total DNA content of each eluate determined. Figure 1A shows the average DNA yield from punches in each row. Approximately three times as much DNA was recovered near the filter tip than near the handle. However, samples taken close to the handle still averaged 40 ng (range 15-70 ng) per punch, enough for many amplifications. In practice, taking samples from the top one-third of the collection paper increases DNA yields. This is particularly important if smaller punch sizes are used.
The Buccal DNA Collector instructions recommend swiping the filter paper against the cheek eight times (13) . While this is not an onerous procedure, reluctant or inexperienced donors may shortchange the collection process. To determine if fewer swipes provide sufficient DNA for sample analysis, a buccal sample was collected from each of five donors on four separate days using either eight or two swipes. Samples from the collectors were eluted with BodeElute buffer and assayed for total DNA content. Increasing the number of swipes of the buccal collector increased the amount of DNA recovered 56% on average ( Figure 1B ), but even with two swipes, the lowest DNA yield was 21 ng, a sufficient amount for downstream analysis. Figure 1B also shows that large differences in DNA yield were observed even when the same individual was sampled with the same number of swipes. Other than a general sense of whether an individual is a high shedder (e.g., donor 4) or a low shedder (e.g., donor 5), there is little consistency in the amount of DNA recovered from one individual's samples collected over the course of 4 days. It is important for sample collectors to be aware that there is a large natural variability in the amount of sample that different individuals provide. As much as a 25-fold difference in recovered DNA was seen among individual donors, and up to a 5-fold difference was seen between two samples collected from both cheeks of one donor at the same time (Table 1 and data not shown).
Immediate resampling from the same individual from the same cheek leads to gradually decreasing sample yields in the later collections. Five sequentially collected samples of eight swipes each were gathered from nine individuals, and the total amount of DNA recovered from the same region on The DNA yields decreased an average of 36% from sample 1 to sample 2 and an average of 52% from sample 1 to sample 5 (data not shown).
Stability of Collected Samples
Buccal DNA Collector samples obtained and tested in January 2002 were stored at room temperature in plain paper envelopes and subsequently tested at 1-year intervals. Fifty-seven samples were initially collected and tested using the on-punch extraction method and subsequent amplification procedures described in the Materials and Methods section. Samples were successfully amplified using AmpFLSTR COfiler and Profiler Plus DNA Amplification kits and produced complete genetic profiles. Most samples were amplified for 25 cycles, with some samples requiring additional amplification cycles (28 cycles total) and others requiring dilution of the amplified product (1:10) prior to detection due to very low and very high yields, respectively. All but one sample generated complete profiles with both amplification kits after 2 years. Samples that required more amplification cycles increased from 2.6% to 8.8% after 2 years of storage; however, a similar percentage of samples (9.6%) required dilution after storage due to stronger amplification at the later time. This most likely represents variability in collection efficiency and the different locations from which the punches were taken since the amount of DNA on the sample punches cannot be quantified or controlled using the on-punch extraction and amplification method. The sampling location was more inconsistent at the 2-year time point because the buccal collector filter paper had already been repeatedly sampled. The single sample that failed at 2 years was probably improperly collected in the beginning. Even in the initial testing performed within a few weeks of collection, this sample required multiple amplifications at a high cycle number before a complete profile was detected.
The relative signal strength of all amplified products was compared for each sample by calculating the relative fluorescent unit (RFU) ratio of each locus from the original analysis to the 2-year time point (Figure 2 ). Plotted on a logarithmic scale, a value >1 indicates stronger amplification of the fresh sample, and a value <1 indicates stronger amplification in the 2-year-old sample. Many samples had a stronger signal when amplified after 2 years, indicating there is no noticeable loss of DNA over time and pointing again to positional effects of the sample on the filter paper. Both the COfiler and Profiler Plus graphs show a slight increase in the average ratio at the larger loci. This trend is more pronounced at the 2-year time point than at the 1-year time point (data not shown), suggesting there may be some degradation of the DNA over time.
Elution with BodeElute DNA Elution Buffer
In order to streamline sample processing and allow quantification of buccal samples that provide such variable DNA yields, we developed the BodeElute DNA Elution Reagent kit. In a rapid one-step treatment of Buccal DNA Collector samples, BodeElute DNA Elution Buffer releases DNA into solution for use directly in quantification and amplification reactions. Because of the demonstrated variability in buccal cell DNA recovered per sample ( Figure 1B) , quantification is recommended to standardize the amount of DNA used in downstream analyses. Elution from a quarter-inch punch recovers on average 120 ng total DNA at a concentration of 2.2 ng/µL, but the range of DNA concentration and yield can vary as much as 25-fold (Table 1) .
BodeElute Elution Buffer contains inhibitor(s) of PCR that must be taken into consideration when preparing amplification reactions with eluted DNA. Adding BodeElute buffer carried through a mock elution of a Buccal DNA Collector without sample applied and then amplified in normal fashion shows that addition of undiluted buffer to >16% of the total reaction volume completely inhibits amplification of a control DNA, while smaller proportions of the mock eluate have little or no effect on amplification ( Figure 3A) . As the average concentration of extracts is >2 ng/µL and commonly used commercial multiplex kits generally require 0. COfiler ng template (14, 15) , samples often require dilution prior to amplification, a step that also dilutes and minimizes inhibitory effects. Figure 3B shows a typical amplification result from an extract with original total DNA concentration <1 ng/ µL. As seen, 2 µL undiluted DNA in BodeElute buffer was successfully amplified and resulted in complete and accurate genetic profile analysis. We found that amplification of 2 ng total DNA or 1 ng human DNA is successful in obtaining complete DNA profiles for >90% of samples following a single amplification attempt. Detection with a human-specific quantification method provides a more accurate assessment of the amount of amplifiable DNA in the sample, as we have observed that the proportion of human to non-human DNA in buccal samples varies greatly. When the amount of DNA recovered was determined for 15 donors who provided two or more separate buccal samples, the amount of human DNA averaged 42% of the total DNA measured, ranging from 17% to 118%. The difference in human versus total DNA amount is presumably due primarily to bacterial DNA present in buccal samples. These results are consistent with previously reported data on buccal DNA sample quantification (16, 17) . In the absence of a human-specific quantification method, targeting 2 ng total DNA improves the probability that a sufficient amount of amplifiable DNA is added to the reaction.
DNA samples eluted with BodeElute buffer and stored undiluted have been successfully amplified, and complete DNA profiles have been obtained following 6 months storage at -20°C. Samples stored at 4°C for longer than 1 week show signs of degradation. After 6 months storage at 4°C, although the total DNA concentration remains the same, half the samples fail to amplify or only amplify partially (data not shown).
In summary, we have demonstrated the effectiveness of Buccal DNA Collectors for collecting and storing buccal cell samples and the use of BodeElute DNA Elution Buffer for preparing DNA from Buccal DNA Collector samples for genetic profiling applications. While numerous methods of collecting and preparing DNA exist, the simplicity of these methods presents a significant advantage. Little analyst time is needed to process hundreds of samples, and there is no need for expensive robotic equipment. Additional work not shown here suggests that BodeElute buffer is also effective at recovering DNA from cotton swabs. If a solid-state amplification is preferred, BodeXtract has been successfully used with buccal and blood samples. While we have focused on use of these products for forensic purposes, they are also compatible with use in research and clinical settings. These products may be advantageous to programs collecting and processing any number of buccal samples for these and other applications. 
